Case presentation {#s1}
=================

A 49-year-old woman had sudden visual loss in her left eye associated with retrobulbar pain and decrease in visual evoked potential amplitude. With suspected optic neuritis, the patient was treated successfully with a 5-day therapy of methylprednisolone (MP) infusion of 1 g per day ([figure 1A](#F1){ref-type="fig"}). Within several days after MP, partial visual loss reoccurred. MRI showed increased signal and contrast enhancement of the left optic nerve ([figure 1, B and C](#F1){ref-type="fig"}); further diagnostic workup including cerebral and spinal MRI and CSF analysis with oligoclonal bands and soluble Il-2 receptor was normal. Serum antibody screening for aquaporin 4, myelin oligodendrocyte glycoprotein (MOG) and myelin-associated glycoprotein (MAG) was negative. Chest CT did not show signs of hilar adenopathy, interferon-gamma release assays for tuberculosis were negative, and ophthalmologic examination excluded optic retinitis. Optic neuritis relapsed 3 times within the next 4 months and was treated with IV MP and with the suspected diagnosis of atypical relapsing optic neuritis (RON) therapy with azathioprine and overlapping oral MP was initiated ([figure 1A](#F1){ref-type="fig"}). After a stable period of 8 months, azathioprine had to be discontinued because of severe leucopenia. Thereafter, another series of relapses with complete visual loss of the left eye occurred that was refractory to a total dose of 15 g MP and additional cycles of plasma exchange after initial partial relief. Since another approach with azathioprine had to be terminated because of leukopenia, B-cell depletion with rituximab together with oral MP was applied. However, further relapses occurred together with continuous deterioration of visual loss in the left eye ([figure 1A](#F1){ref-type="fig"}). In another MRI follow-up, 2.5 years after the initial episode, a granulomatous-like contrast-enhancing process of the left optical nerve was seen ([figure 1, D and E](#F1){ref-type="fig"}). Because there was complete amaurosis in the left eye, we decided to perform a biopsy. Neuropathologic examination revealed a perineural located granulomatous lesion with characteristic multinucleated giant cells, histiocytes and massive lymphocytic infiltration, and small areas of focal noncaseating necrosis ([figure 1, F--H](#F1){ref-type="fig"}). Anti-CD138 stains showed only single plasma cells and no CD20-expressing B cells could be detected, thus confirming effective B-cell depletion with rituximab ([figure 1, I and J](#F1){ref-type="fig"}). Langerhans cell histiocytosis was excluded by CD1a-negative histiocytes without granulocytic infiltration ([figure 1K](#F1){ref-type="fig"}). No infectious origin, especially no fungal or mycobacterial origin, could be detected. There was no evidence of systemic sarcoidosis because chest CT, bronchoalveolar lavage, and bronchial biopsies were negative. CSF analysis was repeated and still normal. Thus, based on the clinical presentation and the neuropathologic results, we diagnosed chronic relapsing granulomatous optic neuropathy, and we started immunotherapy with methotrexate to prevent progress of the granulomatous inflammation also to the right optic nerve.

![Disease course, MRI findings, and histopathology in a patient with granulomatous optic neuropathy\
(A) Overview and time scale of the disease course. Black: monthly time scale; red: relapses of optic neuritis; green: visual acuity of the left eye; yellow triangles: application of RTX (1g IV); blue arrows: IV MP treatment; blue horizontal markers: oral MP treatment; gray horizontal markers: treatment with oral AZA; and purple arrow: cycle of PE. (B and C) MRI at early stage of disease (2 months after initial symptoms) shows pathologic signal (coronal T2 image, B) and contrast enhancement of the left optic nerve (transversal T1 image after gadolinium, arrowheads). (D and E) Twenty-nine months after symptom onset, MRI shows a contrast-enhancing mass lesion mainly in the retro-orbital part of the optic nerve (arrowheads; coronal TIRM image in D and transversal T1 image after gadolinium in E; inset shows T1 coronal image after gadolinium). (F--K) Serial sections of paraffin-embedded biopsy tissue of the left optic nerve. (F) HE-stained sections of perineuronal granuloma with characteristic multinucleated giant cells (see also inset) and focally dense lymphocytic infiltrations. (G) The inflammatory cells are mainly CD3-positive T-lymphocytes and (H) CD68-positive histiocytes. (I) No CD20-expressing cells can be detected after rituximab treatment, whereas (J) some single CD138-positive plasma cells are present. (K) Langerhans cell histiocytosis is precluded by negative CD1a stains. Scale bar in K (F--K): 100 μm; inset in F: 5 μm. AZA = azathioprine; HE = hematoxylin and eosin; MP = methylprednisone; PE = plasma exchange; RTX = rituximab; TIRM = turbo inversion recovery magnitude.](NEURIMMINFL2018016154f1){#F1}

Discussion {#s2}
==========

This report provides clinical and histopathologic evidence of a corticosteroid-responsive granulomatous RON. Because RON is a rare disease entity and only limited clinical data are available, classification and etiology are still incompletely understood.^[@R1]^ Although the rapid response to corticosteroids and pathologic findings with noncaseating granulomas are compatible with neurosarcoidosis, granulomatous RON is regarded as a distinct entity. The clinical characteristics closely resemble those of chronic relapsing inflammatory optic neuropathy (CRION) that has been defined as a painful, relapsing and remitting subtype of optic neuritis responsive to corticosteroids and that often shows a chronic disease course with the need of long-term immunosuppression.^[@R2]^ However, in a cohort of RON patients, CRION showed less corticosteroid dependency and a more progressive disease course.^[@R3]^ Moreover, typical MRI findings in CRION include T2 hyperintensity and contrast enhancement of the optic nerve but are usually not presenting as a contrast-enhancing granulomatous mass.^[@R2],[@R4]^ There are few reports on the histopathology of corticosteroid-responsive RON that is mainly classified as chronic relapsing granulomatous optic neuropathy. Similar to our findings, biopsies present as sarcoid-like noncaseating granulomas.^[@R5]^ So far, it is unclear whether CRION shares similar neuropathologic characteristics.

Little is known about the pathogenesis and effective immunomodulatory treatment in chronic relapsing granulomatous optic neuropathy except for the usually good response on corticosteroids. Because vision outcome is mostly poor, successful therapy for relapse prevention is needed. Because effective B-cell depletion with rituximab as proven in the granuloma biopsy is inefficient to inhibit granuloma growth and visual loss, exclusive B-cell targeting should not be recommended. Because granulomatous RON shares clear neuropathologic similarities with neurosarcoidosis, infliximab may be a therapeutic option because it is increasingly used as an effective treatment in neurosarcoidosis in patients who do not respond or cannot tolerate methotrexate or azathioprine.^[@R6]^
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